The vasa gene (vas) is essential for germline development in Drosophila melanogaster. Zygotic vas is expressed in pole cells earlier than any other pole cell-expressing genes thus far identified, and VAS protein is continuously present in germline cells throughout development. Here, we report the identification of a regulatory region that directs germline-specific vas expression. A genomic fragment containing the vas locus was linked to enhanced green fluorescent protein (egfp)-vas fusion gene, and the resulting gene was introduced into fly genome. Developmental vas expression was assessed by monitoring the expression of EGFP-VAS in these transformants. The spatio-temporal expression pattern of EGFP-VAS is essentially identical to that of endogenous VAS throughout germline development. By dissecting the vas promoter, we identified a 40-bp regulatory element, which is necessary and sufficient for germline-specific expression during oogenesis. This region interacts specifically with ovarian protein(s). Furthermore, this region is also required for vas expression in pole cells during embryogenesis. These results suggest that a similar mechanism regulates vas expression both in oogenesis and embryogenesis. q
Introduction
In Drosophila, germline development is initiated by the formation of pole cells, which are induced through the activity of maternal factors localized in pole plasm (Williamson and Lehmann, 1996) . Pole plasm is partitioned into pole cells and is also involved in their differentiation into functional germ cells. At the beginning of gastrulation, pole cells migrate to the interior of the embryo to form embryonic gonads, where they divide and differentiate into germline stem cells. In oogenesis, each germline stem cell divides asymmetrically to produce a stem cell and a cystoblast. Cystoblasts undergo four rounds of mitosis with incomplete cytokinesis to form a cluster of 16 cells interconnected by cytoplasmic bridges. Of the 16 cells, only one becomes an oocyte, and the remaining 15 cells differentiate into nurse cells. Nurse cells produce many RNAs and proteins, which are ultimately transported into the oocyte through cytoplasmic bridges. Some of these molecules function to assemble pole plasm, which is required to form germ cells in the next generation.
VAS protein is present in germline cells throughout the Drosophila life cycle and is essential for germline development. Zygotic vas expression begins in pole cells immediately after gastrulation and is the earliest example of gene expression in germline cells (Van Doren et al., 1998) . Once initiated, vas expression continues in the germline cells (Hay et al., 1988a,b; Lasko and Ashburner, 1990) . In oogenesis, VAS is detected around the nuclei of stem cells, cystoblasts, and nurse cells. From stage 10 onward, VAS synthesized in nurse cells accumulates in posterior parts of the oocyte, where pole plasm is assembled. Maternal VAS remains in pole plasm in early-stage embryos, and is incorporated into pole cells. Embryos derived from vas mutant mothers lack pole plasm and pole cells (Schüpbach and Wieschaus, 1986) . Furthermore, strong vas alleles cause variable oogenesis defects that affect cystocyte differentiation, oocyte differentiation, and specification of anteroposterior and dorsoventral polarities in the developing cysts Ashburner, 1988, 1990; Lehmann and Nüsslein-Volhard, 1991; Schüp-bach and Wieschaus, 1991; Styhler et al., 1998; Tomancak et al., 1998) . Although the role of zygotic VAS in pole cells remains obscure, its expression early on during development makes it an ideal marker to analyze how zygotic gene expression is initiated in germline cells. Thus, the regulatory mechanism underlying continuous vas expression in germline cells would provide insight into the important aspects of germline development.
In this paper, we report the identification of a 40-bp genomic region of the vas gene, which is necessary and sufficient to promote germline-specific gene expression in oogenesis. Our gel retardation assay shows that this regulatory element specifically interacts with ovarian protein(s). We further show that this element is also required for vas expression in pole cells during embryogenesis. Our results provide the basis for clarifying the mechanism of germline-specific gene expression in oogenesis and embryogenesis.
Results
2.1. Germline-specific expression of the P vas -egfp::vas construct VAS has been reported to be expressed only in germline cells throughout the Drosophila life cycle (Hay et al., 1988a,b; Lasko and Ashburner, 1990) . In order to determine the genomic region required for germline-specific vas expression, we isolated ,2.6-kb genomic fragment encompassing the vas locus and fused them with enhanced green fluorescent protein (egfp)-vas fusion gene ( Fig. 1A ; see Section 4). This construct, termed P vas -egfp::vas, was then introduced into the fly genome to examine the expression of EGFP-VAS fusion protein in vivo.
The distribution of EGFP signal was indistinguishable from that of endogenous VAS protein detected by an anti-VAS antiserum (Fig. 2) . In early oogenesis, EGFP signal was detected around the nuclei of stem cells and nurse cells in the germarium ( Fig. 2A) . This perinuclear signal pattern was continuously detected throughout oogenesis. At stage 10, the EGFP signal began to accumulate at the posterior pole of the oocyte, where pole plasm is ultimately assembled (Fig.  2B) . In early-stage embryos, the EGFP signal in pole plasm was found within pole cells (Fig. 2C, D) , and was detectable only in pole cells during embryogenesis (Fig. 2E-G) . Later, the EGFP signal was detected specifically in the larval gonads of both sexes and in adult testes (data not shown). The EGFP signal was never observed in somatic cells during oogenesis and embryogenesis ( Fig. 2A-G) . Moreover, the EGFP signal was still detectable only in the germline cells in oogenesis, even when the vas cDNA region was removed from P vas -egfp::vas (P vas -egfp) (data not shown). In this case, EGFP signals were ubiquitously distributed throughout the cytoplasm, probably due to the lack of VAS elements required for proper intracellular localization (data not shown). These observations indicate that the ,2.6-kb geno- mic region contains one or more regulatory elements that mediates germline-specific expression of vas.
2.2. The region from position 296 to 265 of the vas gene is required for germline-specific expression in oogenesis
In order to locate the regulatory element(s) responsible for germline-specific expression of vas, we introduced a series of deletions into the P vas -egfp::vas construct (Fig.  3) . These P vas -egfp::vas derivatives were introduced into the fly genome, and their in vivo expression level was determined by Western blotting with an anti-VAS antiserum (Fig. 1B , see Section 4). In addition, their expression pattern during oogenesis was assessed using confocal microscopy. We first generated eight constructs with deletions in the 5 0 -flanking region ( Fig. 3 ; constructs 2-9). The deletions up to position 297 did not affect the reporter expression ( Fig.  3 ; constructs 2-7). In the transformants containing the deletion constructs, EGFP signals were normally observed in the perinuclear region of stem cells and nurse cells and later at the posterior pole of the oocyte (Fig. 4D-F) . In contrast, further deletion to position 265 resulted in a dramatic reduction in the reporter expression ( Fig. 3 ; constructs 8, 9). In these constructs, the EGFP signals within the ovaries were very weak in all germline cells ( Fig. 4M-O) . These results strongly suggest that the genomic region between positions 296 and 265 is crucial for vas expression throughout oogenesis. To confirm this, we removed this region from the original P vas -egfp::vas construct, and found that the resulting construct expressed EGFP-VAS at a very low level, comparable to that of construct 8 ( Fig. 3 ; construct 21; Fig. 4P -R). We further introduced a series of deletions into the 3 0 -flanking region of vas and found that none of these deletions caused remarkable reduction in the reporter expression ( Fig. 3 ; constructs 10-16; Fig. 4G-I ). In addition, unless the region from 296 to 265 was removed, deletions of both the 3 0 -flanking region and the 5 0 -flanking region did not affect reporter expression ( Fig. 3 ; constructs 17-20; Fig. 4J -L). The above observations indicate that the region between positions 296 and 265 appears to contain one or more regulatory elements necessary for germline-specific vas expression. However, since the region between positions 296 and 265 is very close to a consensus sequence of the TATA-box (TATAAA), which is located from positions 256 to 251, an alternative explanation for the reduction of vas expression in constructs containing the 296 to 265 deletion is that the deletion may result in the removal of a part of core promoter of the vas gene. To exclude this possibility, we reintroduced the fragment containing positions 296 to 257 into construct 21 ( Fig. 3 ; construct 23). This fragment was inserted in an inverse direction because, while many regulatory elements for gene expression are able to function independent of their direction, the TATA-box containing core promoters are not. When the fragment was placed in an inverse direction, the germline-specific expression of vas was restored, although its expression level was lower than that of the construct in which the fragment was placed directionally (Fig. 3; constructs 22, 23) . One may argue that the symmetrical 'TATATA' sequence (262 to 257), which is not altered by inversion of the 40-bp sequence, acts as a TATA-box. However, the 40-bp region in which TATATA was substituted by TCGCGC was able to restore the germline-specific expression (data not shown). Although we cannot definitively exclude the possibility that 'TATATA' also acts as a part of core promoter, these results strongly suggest that the 40-bp region from positions 296 to 257 contains one or more regulatory elements required for the germline-specific expression of vas during oogenesis.
2.3. The 40-bp region from positions 296 to 257 of vas is sufficient to direct germline-specific expression during oogenesis Next we examined whether the 40-bp region from positions 296 to 257 is sufficient to direct germline-specific gene expression during oogenesis. For this purpose, eight copies of the 40-bp region were tandemly linked to a heterologous basal promoter, P-element transposase promoter, and a reporter gene, lacZ (Fig. 5) . The P-element transposase promoter was used as a basal promoter because it is functional in germline cells under the regulation of appropriate upstream elements (Rørth, 1998) . In ovaries, lacZ expression from this construct was detected only in the germline cells ( Fig. 5C , D; 8F::P t -lacZ), while the transposase promoter alone did not promote the expression of lacZ (Fig. 5A, B) . With the exception of stem cells located at the tip of the germarium (Fig. 5C, D; see Section 3), lacZ expression was detectable in almost all stages of oogenesis. Even when eight copies of the 40-bp region were inserted inversely, lacZ reporter expression was detected only in the germline cells, although its expression was lower than that of 8F::P t -lacZ (Fig. 5E, F) . We also examined the expression of these constructs in somatic tissues, such as eye, leg, and wing discs, and found that the expression of the lacZ reporter was never detected in these tissues (data not shown). Based on the above observations, we conclude that the 40-bp region from positions 296 to 257 contains one or more regulatory elements that are sufficient to drive germlinespecific expression of vas in oogenesis.
One or more specific proteins interact with the regulatory region of the vas gene
The 40-bp region (Fig. 6A ) has no significant homology with known consensus sequences involved in the binding of transcription factors (data not shown). As a first step in identifying a protein, or proteins, that specifically bind to the 40-bp regulatory region, we carried out gel retardation assays using extracts from ovaries and somatic tissues of adult flies. Incubation of the ovarian extract with the regulatory region resulted in the formation of one intense, retarded band ( Fig. 6B; lane 2) . In contrast, only a trace amount of the DNA-protein complex was hardly detected when somatic-tissue extract was used ( Fig. 6; lane 3) . These results show that the protein(s) interacting with the 40-bp regulatory region is enriched in ovaries but not in somatic tissues of adult flies. To examine the specificity of the protein binding, we performed gel retardation assays in the presence of specific and non-specific DNA competitors. As shown in Fig. 7 , complex formation did not occur when a ten-or 200-fold molar excess of unlabeled oligonucleotide (positions 296 to 257) was added ( Fig. 7; lanes 2, 3) . Addition of two non-specific oligonucleotides having unrelated sequences to the regulatory region did not affect complex formation ( Fig. 7 ; lanes 4-7). These results suggest that adult ovaries contain one or more proteins that interact specifically with the 40-bp regulatory region of vas.
2.5. The region from positions 296 to 265 is also required for germline-specific expression in embryogenesis Zygotic vas expression is initiated in pole cells soon after gastrulation and is continuously expressed in germline cells throughout development (Hay et al., 1988a,b; Lasko and Ashburner, 1990; Van Doren et al., 1998) . We analyzed whether the 40-bp region is also required for vas expression in pole cells. First, we examined zygotic expression of P vasegfp::vas in embryos by crossing transformant males with wild type females and examined the resulting EGFP signals in their progenies. However, the EGFP signal was undetectable until larval stages were reached. This is probably because the fluorophore formation of EGFP takes several hours (Heim et al., 1995) , a period during which embryogenesis has already passed through several early stages. To overcome this technical problem, we replaced the egfp tag with the lacZ reporter. As shown in Fig. 8 , the resulting P vaslacZ::vas expressed the reporter in pole cells of stage-17 embryos (Fig. 8A, B) . Weak b-gal staining was also observed in somatic cells (Fig. 8A) . Because the stained somatic tissues varied with each transformant line, this weak expression can be explained by the influence of one or more enhancers located in the genomic region around the insertion point of the transgene (data not shown). We next introduced a deletion in positions 296 to 265 into P vaslacZ::vas, which abolished germline-specific expression in oogenesis. The pole cells containing the resulting construct, termed P vas (D 2 96/265)-lacZ::vas, never expressed lacZ, as evidenced by the lack of b-gal activity (Fig. 8C, D) . From these results, we conclude that the region from positions 296 to 265 is also required for zygotic vas expression in pole cells during embryogenesis.
Discussion
In this paper, we report a novel construct, termed P vasegfp::vas, which effectively labels germline cells throughout their development. By introducing a series of deletions into the P vas -egfp::vas construct, we show that the region from positions 257 to 296 contains one or more regulatory elements necessary and sufficient for germline-specific expression of vas during oogenesis. The 40-bp region is able to interact specifically with certain ovarian protein(s). We also show that this region contains one or more elements required for vas expression in pole cells during embryogenesis. These results suggest that a similar mechanism is involved in vas expression in germline cells during oogenesis and embryogenesis.
P vas -egfp::vas as a tool for analyzing germline development
Throughout the Drosophila life cycle, VAS protein is present only in germline cells (Hay et al., 1988; Lasko and Ashburner, 1990 ). Here we show that EGFP-VAS expression under the control of the vas promoter (P vas -egfp::vas) is able to label germline cells throughout their development. Although zygotic reporter expression in germline cells is fully detectable only after embryogenesis (data not shown), maternally supplied EGFP-VAS labels pole cells in embryos (Fig. 2) . When the vas open reading frame (ORF) is removed from the P vas -egfp::vas (P vas -egfp) construct, EGFP signal was distributed uniformly in the oocyte (data not shown). Thus, EGFP-VAS is expressed during oogenesis under the control of the vas promoter and is localized to pole plasm and then is partitioned into pole cells by the function of VAS protein region. It is worthwhile to note that the germline cells expressing EGFP-VAS can be visualized in living organisms (data not shown). This allows us to observe, in real-time, developmental events occurring within living embryos and ovaries, such as the intimate behavior of germline cells including pole cell migration into the gonads, pole cell division, and interaction of pole cells with the surrounding gonadal soma. Thus, the P vas -egfp::vas construct is a beneficial tool that can serve as a marker for use in extensive studies of germline development.
Regulation of germline-specific expression of the vas gene during oogenesis
To localize the regulatory element underlying vas expres- Fig. 5 . The 40-bp region between positions 296 and 257 directs germline-specific expression in oogenesis. Schematic diagrams of P t -lacZ, 8F::P t -lacZ and 8R::P t -lacZ (left). (A-F) X-gal staining of ovaries from transformant females carrying either P t -lacZ (A,B), 8F::P t -lacZ (C,D) or 8R::P t -lacZ (E,F). (A,C,E) Germaria and early egg chambers; (B,D,E) stage-10 egg chambers. 8F::P t -lacZ (C,D) and 8R::P t -lacZ (E,F) directed lacZ expression in germaria (brackets) and egg chambers (arrowheads). lacZ expression was never detected in somatically derived follicle cells that surrounded nurse cells and oocytes. Scale bars: 50 mm.
sion, we introduced a series of deletions into P vas -egfp::vas, generated transgenic flies containing these various constructs, and measured egfp-vas expression in these transformants. The resulting analysis identified a 40-bp genomic region containing one or more regulatory elements associated with germline-specific expression of vas during oogenesis. We further demonstrate that the 40-bp region is able to activate a heterologous basal promoter in germline cells in oogenesis. In germline stem cells located at the tip of the ovaries, however, the expression of the lacZ reporter, under the control of eight copies of the 40-bp region, was undetectable ( Fig. 5 ; 8F::P t -lacZ). Inconsistent with this observation, only deletions including the 40 bp in P vasegfp::vas abolishes the reporter expression in those cells ( Fig. 4O, P) . One possible explanation for this discrepancy is that the transposase promoter used in 8F::P t -lacZ is not sufficiently active in the germline stem cells. Supporting this idea, BC69 enhancer-trap, which detects the vas enhancer using the transposase promoter (Heller and SteinmannZwicky, 1998; Sano et al., 2001 ), expressed a very low level of lacZ in the germline stem cells (data not shown).
The above arguments suggest that basal promoters can influence the ability of the vas regulatory element(s) to promote gene expression in germline cells. Indeed, neither the even-skipped nor SV40 promoter directs reporter gene expression in ovaries when the transposase promoter is replaced by these promoters in the 8F::P t -lacZ construct (data not shown). Similarly, the hsp70 basal promoter when linked to Gal4 upstream activating sequences (UAS) was not activated by Gal4 in the germline cells during oogenesis (Rørth, 1998) . Although basal promoters are considered as a general component of the transcription apparatus (Zawel and Reinberg, 1995) , the recent discovery of TATA binding protein (TBP)-related factors (TRFs) in several metazoans raises the possibility that basal promoters interact with novel cell type-specific TBP-associated factors (TAFs) via TRF and offers cell type-specific gene expression (Hansen et al., 1997; Hori and Carey, 1998) . Interestingly, TRF in Drosophila is highly expressed in embryonic gonads (Hansen et al., 1997) and a mutation in this gene causes sterility (Crowley et al., 1993) . Thus, it is likely that the vas regulatory element(s) may selectively cooperate with the endogenous basal promoter to express the vas gene continuously in germline cells.
Ovarian protein(s) that interact with the vas regulatory element(s) in oogenesis
We show that one or more ovarian proteins interact specifically with the 40-bp vas regulatory region in vitro. Our gel retardation assay reveals that the protein(s) is enriched in ovaries of adult flies. Thus, we speculate that the protein(s) is a factor(s) which confers germline specificity of vas expression.
It has been reported that PIPSQUEAK (PSQ) is a nuclear protein required for vas expression in oogenesis (Siegel et al., 1993; Horowitz and Berg, 1996) . However, PSQ does not appear to be a component of the DNA-protein complex that we identified, because addition of an anti-PSQ antibody did not affect complex formation in our gel retardation assay (data not shown). Since PSQ is widely expressed in somatic tissues as well as in ovaries (Weber et al., 1995) , germlinespecific vas expression cannot be explained by the possible presence of PSQ alone. Furthermore, we found that the 40-bp sequences with some mutations, which eliminate the ability to induce germline-specific gene expression in oogenesis, did not necessarily compete with wild type sequence to form DNA-protein complex in our gel retardation assay (data not shown). Taken together, we speculate that one or more additional factors that escaped from our assay may also bind to the 40-bp region in vivo, and its interaction with the complex may be required for vas expression during oogenesis.
Regulation of zygotic vas expression in pole cells during embryogenesis
It has been reported that endogenous vas expression is initiated in pole cells soon after gastrulation, when pole cells become competent for transcription (Lamb and Laird, 1976; Zalokar, 1976; Kobayashi et al., 1988; Seydoux and Dunn, 1997; Van Doren et al., 1998) . This suggests that zygotic vas expression is initiated by the function of maternal factors supplied into pole cells. We demonstrate that the 40-bp region is required for zygotic vas expression in embryogenesis as well as in oogenesis. Thus, we favor the idea that one or more trans-acting factors that activate vas expression in oogenesis are supplied into the pole cells and function to initiate vas expression in these cells. Further identification of trans-acting factors required for vas expression will uncover the mechanism of how maternal factors trigger zygotic gene expression in pole cells.
Experimental procedure

Fly strains
The y w fly strain was used for the generation of transformants. Flies were grown at 258C on standard corn and agar medium supplemented with dry yeast.
DNA construction
P vas -egfp::vas was generated by inserting the full length of the vas coding region in frame into XhoI/NotI sites of P[w 1 P-vas-gfp] (Nakamura et al., 2001) . P vas -lacZ::vas was generated by replacing the egfp gene with the lacZ gene at the NarI/XhoI sites.
To test potential enhancer functions of the 5 0 -flanking region, we removed the PstI-XbaI, PstI-EcoRV, PstIEcoRI, and PstI-NdeI fragments from P vas -egfp::vas ( were digested by EcoRI and HindIII, and then subcloned into EcoRI/HindIII sites of pBluescript. After sequencing, they were digested by PstI and NcoI. Constructs 6-9 (Fig. 3) were generated by replacing the PstI-NcoI fragments of P vasegfp::vas with these PCR fragments.
To remove the region between positions 296 and 265, a 1.7-kb fragment was amplified from Pvas-egfp::vas by PCR using the following primer set: 5 0 -TAAATGGCATCCTC-CAGTTCG-3 0 and 5 0 -GGGCTGCAGCTATTAATGAAA-TTGTAATATTCAAGC-3 0 . This fragment was digested with XbaI and PstI and the resulting XbaI-PstI fragment and PstI/XbaI fragment of P vas -egfp::vas were subcloned into the PstI site of construct 8 via three-way ligation ( Fig. 3; construct 21) .
To test the function of the region between positions 296 and 257, annealed oligonucleotides, 5 0 -GCTAAATCA-CATTTGATGTGTTAGTGGAAAACGGCTATATAC-TGCA-3 0 and 5 0 -GTATATAGCCGTTTTCCACTAACA-CATCAAATGTGATTTAGCTGCA-3 0 , were inserted into the PstI site of construct 21 directionally or inversely (Fig. 3; constructs 22, 23) .
To test potential enhancer functions of the 3 0 -flanking sequences, the six fragments were amplified from Pvasegfp::vas by PCR using the combination of forward and reverse primers. digested with HindIII and EcoRI. The HindIII-EcoRI fragments of P vas -egfp::vas were replaced by these PCR fragments to generate constructs 10-16 (Fig. 3) . The P t -lacZ vector was generated by modifying UASp (Rørth, 1998) . The transposase promoter was amplified from UASp by PCR using the following primer set: 5 0 -GGGCTCGAGGTCGAAAGCCGAAGCTTACC-3 0 and
This fragment was digested with XhoI and KpnI. The coding region of lacZ gene was obtained from pCaSpeR-AUG-bgal by digesting with KpnI and XbaI. The fragment of K10 3 0 UTR was isolated from UASp by digesting XbaI and PstI.
These fragments were subcloned into the XhoI/PstI sites of CaSpeR-4 by three-way ligation (Fig. 5) .
To test whether the region between positions 296 and 257 activates the transposase promoter in germline cells, annealed oligonucleotides, 5 0 -GATCTCTAAATCACATT-TGATGTGTTAGTGGAAAACGGCTATATAG-3 0 and 5 0 -GATCCTATATAGCCGTTTTCCACTAACACATCAA-ATGTGATTTAGA-3 0 , were inserted in the BamHI site of P t -lacZ. A tandem copy of the oligonucleotide was subcloned into the BglII/BamHI sites of modified pBluescript, which contains a BglII site. This plasmid was digested by EcoRI and BamHI or NotI and BglII, and the resulting EcoRI-BamHI and NotI-BglII fragments were subcloned into the EcoRI/BamHI sites and NotI/BamHI sites, respectively, to generate 8F::P t -lacZ and 8R::P t -lacZ (Fig. 5 ).
Transformation
Transgenes were introduced into the Drosophila genome by P element-mediated transformation (Rubin and Spradling, 1982) . The resulting P(w 1 ) transformants were crossed with y w flies to ensure stable propagation of the transformed gene. Homozygous stocks were established by crossing siblings. At least three lines were obtained and examined for each transgene construct.
Quantitative analysis of the reporter gene expression in the transformant flies
The protein extract from ovaries of 3-day-old females was used for Western blot analyses. The blots were immunoreacted with a rabbit anti-VAS antiserum (1:5000 dilution) followed by horseradish peroxidase (HRP)-conjugated anti-rabbit IgG (1:5000; Amersham-Pharmacia). Signals were detected with the ECL system (Amersham-Pharmacia). EGFP-VAS fusion protein from the P vas -egfp::vas derivatives and endogenous VAS protein were detected on the same blot as ,100 and ,70 kDa bands, respectively (Fig.  1B) . The amount of these proteins was determined by detecting the intensity of luminescence using LAS-1000 (FUJIFILM). The ratio of EGFP-VAS fusion protein:endogenous VAS protein was adopted as a relative value of the transgene expression.
Detection of EGFP signal in the transformant flies
Ovaries from 3-day-old transformant females were dissected in phosphate buffered saline (PBS) and fixed for 20 min in 4% paraformaldehyde in PBS. Ovaries were then washed in a solution of 0.1% Tween-20 and PBS (PBT) and mounted in 50% glycerol in PBS onto glass slides. Embryos from the transformant flies were dechorionated and fixed in 4% paraformaldehyde in PBS and heptane for 10 min. Following fixation, embryos were rinsed with PBT and mounted in 50% glycerol in PBS. Samples were examined under a confocal microscope (Leica TCS-NT).
Immunocytochemistry
Immunostaining was carried out on ovaries and embryos as described by Kobayashi et al. (1999) , except that dimethyl sulfoxide (DMSO) was omitted from the fixation solution used for ovaries. Rabbit anti-VAS antiserum was used as a primary antibody at a dilution of 1:5000. 4.7. Detection of b -galactosidase activity in the transformant flies X-gal staining was used to detect b-galactosidase (b-gal) activity in the transformant flies. Ovaries from 3-day-old transformant females were dissected in PBS and fixed for 10 min in 1% glutaraldehyde in PBS. Ovaries were then washed in PBT and stained with X-gal staining solution (10 mM Na 2 HPO 4 /NaH 2 PO 4 , 150 mM NaCl, 1 mM MgCl 2 , 3.1 mM K 4 [Fe II (CN) 6 ], 3.1 mM K 3 [Fe III (CN) 6 ], 0.3% Triton X-100, 0.2% X-gal) overnight at 378C. After washing in PBT, ovaries were dehydrated and mounted in Eukitt.
Embryos from the transformant flies were fixed in heptane shaken with 2.5% glutaraldehyde in PBS for 10 min. Following a brief rinse in staining solution, the embryos were treated with the X-gal staining solution overnight at 378C. After removing the vitelline membrane, the stained embryos were dehydrated and mounted in Eukitt.
Gel retardation assay
Gel retardation assays were performed using extracts from the ovaries and carcasses of adult females. These extracts were prepared as described by Webster et al. (1997) . The gel retardation assay was performed essentially as previously described (Yanai et al., 1996) , except that 0.5% NP-40 was added to the reaction mixture. Each extract (5 mg) was incu- 
